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Abstract: The formation of photo-electron current in the volume of semi-conductor material is 
investigated in this article. A plane case when a material is uniformly illuminated by light is 
considered. The current-voltage characteristic of a photo resistance is obtained in analytical 
form. 
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1. Introduction 
The photoconductivity is an important characteristic of semi-conducting materials. At this moment of 
electronics development the photo processes in semi-conductors and semi-conducting details find more and 
more great practical application. Because of that the necessity of increasing the volumes of studying of these 
processes in books [1, 3] gets pressing. 
The objective of this article is the analysis of the processes taking place in the formation of 
photoelectrons flow and its running. A plane case when a semi-conducting material is uniformly illuminated 
by light is considered. 
 
2. Balance of Particles 
2.1 Basic Processes 
When the surface of semi-conducting material is illuminated by light the last penetrates in material 
volume, and as a result of an internal photo effect causes the appearance of electrons in the conduction band 
of semi-conductor. These electrons we will call photo electrons in order to distinguish them from the 
electrons in the conduction band which could be from the main current carriers or from material doping. 
The generation of photo electrons in a unit of volume N per a unit of time is proportional to the 
intensity of monochromatic light lI [1, 2]. The proportionality coefficient lk  gives an account of the 
spectral sensitivity of the material along the wave’s lengths l  of the falling down light. 
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The basic mechanism of photo electrons loss is their recombination with vacancies pN  from the 
valence band. At small light intensity the number of vacancies generated from the photo effect is 
significantly smaller than the number of vacancies of the basic and non-basic current carriers. Because of 
that a great part of the process of recombination will set in with vacancies which concentration will not 
depend on light. Therefore, we can introduce a peculiar time of life to photo electrons t , which is a constant 
independent on light intensity magnitude [1, 2]. 
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On account of the small light intensity the photo electrons will not influence the intensity of the 
electrical field, and hence the Gauss’ law will be executed 
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2.2 Balance of Particles 
According to our opinion the balance of photo electrons should be made using the equation of 
continuity in which right side we put the sum of velocities from (1) and (2)  
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Here in equation (4) the quantity G
r
figures, which the flow of photo electrons, generated by the 
presence of electric field with intensity E
r
. We will suppose that the flow velocity coincides with the drifted 
velocity of photo electrons du
r
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Here in equation (5) with m is denoted the photo electrons mobility in the material ( 0>m ). The very 
flow of photo electrons will be of the form 
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The flow of photo electrons will form a current of photo electrons, which we will call photo-current, 
with density fj
r
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Here q is the magnitude of electron charge ( 0q > ). Replacing (6) in (4) we get 
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This is the equation of the balance of photo electrons at the most general case. This can be solved 
together with equation (3) at the following limiting conditions: 
a) The concentration and the flow of photo electrons is zero upon the negative end of the material; 
b) The concentration and the flow of photo electrons are maximal upon the positive end of the 
material. The flow of photo electrons causes the photo-current fi read through the material. 
 
3. Plane Sample 
3.1 Geometry of Problem 
A plane plate of homogeneous semi-conducting material lying horizontally is considered in this article 
(Fig. 1). The thickness and the width of the plate are denoted with a and b, respectively. Along the plate 
length the axis OX of the coordinate system is drawn. The left and the right active ends of the plate have 
coordinates 0x =  and Lx = , respectively.  
The left and the right ends of the plate are connected via ohmic contact of a conductor with external 
electric circuit, which has a source of voltage, and causes the electrical potentials of plate ends. 
The semi-conducting plate is illuminated from above with monochromatic light with wave length l  
and intensity lI . We suppose that the light intensity is constant all over the whole illuminated surface. At 
such geometry of the problem all parameters of problem depend only on the coordinate x . 
In the considered one-dimensional case the electric field is constant in the material volume as is 
pointed in the negative direction of axis OX, and has a magnitude E. The drifted velocity is also equal 
through the whole volume. 
 
Fig. 1. A special disposition of the semi-conducting material 
 
3.2 Equation of the Balance 
At the plane (one-dimensional) and stationary case the equation (8) is reduced to 
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The equation (9) represents non-homogeneous linear differential equation of first order with constant 
coefficients for )x(N . 
 
3.3 Solution of the Equation 
Applying the standard procedure for the solving of equation (9), and after taking into account the 
limiting conditions we get 
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From where for the photo-current in material volume from (7) and (10) we will get 
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4. Analysis of the Solution 
The analysis of the solution we will make as at first define some characteristic quantities: 
- maximum value of current carriers concentration 
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- photo-current of saturation satj  
 
 L.I.k.qjsat ll= ;                                                                                                                     (13) 
 
- measure of intensity of the electric field 1E  
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Using (12) and (14) the expression (10) is transformed in the form 
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The graph of (15) for three different values 1E/E  is presented in Fig. 2. As it is seen at weak fields 
the concentration of photo electrons is close to the magnitude of saturation (12) in a great part of material 
volume. With the increase of the field the concentration of photo electrons strongly decreases. 
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 Fig. 2. A graphic dependence of the concentration distribution of photo electrons in the 
material volume in accordance with the electric field intensity 
 
For the photo-current in material volume using (13) and (14) from (11) we will get 
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The graph of expression (16) for the same three different values 1E/E  is presented in Fig. 3. From 
the photo-current graph is seen that at weak fields the magnitude of photo-current in the volume does not 
undergo great changes, while at strong fields a considerable increase of the photo-current in the volume is 
available as the curve at very strong fields is close to straight line. Besides this makes sense to be marked the 
similarity of the dynamics between the concentration of photo electrons and photo-current, even though it 
occurs with different scales. 
The physical interpretation which we can make is that we observe a competition between the 
processes of generation and loss of photo electrons with the participation of the external electric field. The 
external electric field orientates the photo electrons to the right, and brings them out of the material before 
they succeed to recombine in material volume. That’s why with the raising of the field the photo-current 
increases. 
At the positive end of the plate ( Lx = ) the photo-current of photo electrons which leaves the material 
according (16) has a density as is following 
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 Fig. 3. A graphic dependence of the distribution of phot-current of photo electrons in the 
material volume in accordance with the electric field intensity 
 
 
The graph of expression (17) is presented in Fig. 4. 
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Fig. 4. A graph of current-voltage characteristic of photo resistance 
 
As it is seen in Fig. 4 at weak fields a linear increase of photo-current is available, as with the raising 
of the electric field intensity it slows down its increase. But the photo-current can rise only up to the current 
of saturation (12), because at it all generated in the volume photo electrons are brought out of material 
volume. Thus, from the view of conception the presence of current of saturation is in principal necessary for 
the theory of photo-current of semi-conductor. 
At weak fields ( 1EE << ) the expression (17) has the following approximate analytical form 
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At strong fields ( 1EE >> ) the expression (17) has the following approximate analytical form 
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In fact in the expression (17) we have got the analytical form of current-voltage characteristic of photo 
resistance. 
 
5. Conclusion 
Finally we may conclude that as a result of the analysis of the equation of the balance of particles we 
got in analytical form the current-voltage characteristic of photo-current of semi-conducting plate which is 
uniformly illuminated by light. 
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Резюме: В работата се изследва формирането на поток от фотоелектрони в 
обема на полупроводников материал. Разглежда се плосък случай с равномерно 
осветяване на материала със светлина. Получена е волт-амперната 
характеристика на фото-съпротивление в аналитичен вид. 
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